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. THR SPPICIRKNCY (WORE CAPACITY) CF WERVE COMPONENTS IN THE
« CRREBRAL 70+ EXES OF VARIOUS TYPES OF DOGB

rutolg!‘ iye nerveykh » . Professor
protusssov [Physioclogy R O. M, Tugol?,

of Werve Processes), e Departmsnt of
1955, Kiev, Pages 420-428 - - o -0l Hormal Physiology,
S Sl r Ehartkov Institutes
.. of Medicsl Stomatology

In developing bis theory on the types of higher nervous
sctivity. I. P. Paviov sdded to the list of funiamental properties

of the wlements of the cortex a new physiological characteristic of

o

 the statv of 'a cor*ical cell: its efficiency.

in work ¢n conditioned r&ﬂoms. special attention has to be
given t6 this property of the cells of the eentx:u: nervous system,
as the level and duration of work capacity depends upon & correct
blil;OQ of the ;roca-nen of excitation and inhibition, the major
o c ,

puysiological processes ir he cerebral cortex. The balance LetweIn

<

. these processes Cdatérm»:.; :he relationship between the remction lbt
perva olements t; the st)~ gth of & suuult}l. t.e., their capacity
to respond with s pows:Ju’ weaction to pmr!:u stimulus, \:itl; a '

woak to a weak, and also ;> respond repeatedly without loas of in-

,;:uity to n?)p,ution of tue identical -thplun. \

5}

1n 1833 Pavliov wrote as follows on this property of nerve

o

5]

calls: "Cortical cclis have & maximum capacity for work, beyond
whick point iphibition sets in to prevent exosssive tm;tloul_'u-
haustion. 7This maximum {8 not & coanstant, but a magnitude which
changes in both acute and chronic fashion: in exhaustion, in

hyprosis, in illnesso, snd in old age.”
Decline in the work capacity of cortiacal cells may arise as

-1 -

S
Sanitized Copy Approved for Release 2011/06/08 : CIA-RDP81-00280R001300170019-1

STAT



R e e K ) M

.

- Sanitized Copy Approved for Release 2011/06/08 :
——m— i ey AR gy -

CIA-RDP81-00280R001300170019-1

e e

ﬁimﬁtdmmamummyormmmm

by stimuli of excessive strength for the given nervous mu-. and

as 8 result of disruption of the mobility of the major processss.
Disruption of the mobility of the major processes may arise under
various states of the organism: nana. nervous disoases mu;ttng
from overstrain of both basic processes and expressed in mthb;o:&-
cal states of individual portions of the cortex: in inortnu;l of

oxplosiveness of the stimulatory process. The appearance of inesrt—

ness is the characteristic of an abnormclly stable process of ax-
citation oven in the abaence of reinforcemert, while the state of
outburts is an increass in an effect which exists from the outset,
but builds up rapidly, with sudden revulsion mu;t foed. 1. P.
Pavliov regarded this phenomenon as 8 state of lability in the proc-

eose Oof excitation.

The developsent of the the;)ry of types ot higher mrvoa-
activity, and of the work capazity of cortical slements provided
Paviov with rich pntorl.al for the study of various pathological
states in animsls and man, Plvlt;v was successful in uétuicinl’
reproducing in dogs disorders of the higher nervous activity, and
in clinical work he msde observations of various pathological
states in man. Discovery of the mechanism of pathological phenomena
due to artificial destruction of the higher nervous activity in
dogs, permitted an approach to the clarification of pathological
states observed in man. This created the possibility of penetrat-

ing to the essence of pathological phenomena in man.

Our work has fnvolved study of the reaction of components of
the higher nervous system to various changes in customary load, as

this load was increased and reduced in animals ahowing various types

-~
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i -;'oc lluh-r nervous sctivity. lo ‘confined ousselves ont:.nxy to un :

N ;"‘ n.thd of oendxusnod ronmc. An clahcum oyﬁu ot maumd ‘

o

,rotlm constituted m starting potnt. and control for our oheerva- -

ttoa.. This system nwlndod a8 highly constant number of conditioned

'ltil"ulg, the total time of the experiment as a wholi, the tine taken

by isolated operation of the conditioned stimuli, and the interval

e )
R AR

.between the individusl applications of the conditioned stimulsi (3

AT

to 7 nnuna). r.-e° use the term "state of offidtency” to designate

3
&
Ed
™

tho c.ycctty of cortical clomu to provide & corroupon‘ing reac-

tion to a nu-uu-. - e

o
o o

. 'a Our‘data permit the conclusion that the work capacity of

. corucn cells-is a very labile pmporty of the elements of tho |
cortox, conditioned by the type of higher norvou’ activity, the BN
functional state of tho car'bnl oortox, and the nuscapubu'xty of '

" the cortical processes to adaptation. Oux- studies l:lvo pmidod 2 i ‘/
data facilitating an understanding of the determination of work . ;
capacity in animals of various types. The changes ob.urvoglc in . ’
the higher nervous activity of dogs were mlyzod by us in the . A
light of Pavlov's teachings on the omun'gion of cortical elements, - |
and the efficiency thereof. The ropotiuo; uuduuxinz of a par-
ticular systam of conditicned reflexes produces & given level of
efficiency. Chasge in this systsm by elevated demands thareon
m_tox-xcns with the state of otﬁcunc;. and the elaboration of a
new system meeting higher demands proceeds through sdaptation to
the fixing of new relationships. But the first days of elevated

demands upon the basic processes may see a weakening of response

reactione. G. V. Fol'bort believes the weakened effect of the sup-

plementary stimulus to be based on the fact that the work capacity

-3 -
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[ . o: the cortical elements 1s insdequate for the uhly-miﬁd mp-r -

4  plementary stimulus to develop its effect to the full, with the . ,
result that work cupacity is established on a hx;hé- level only B
gradually, as the demand for greater function is continued, 1.8.,
via training. Thus, the cortical ecleaents mcrom-ﬁ ofucicnay,
wvith increase in the domands made upon thea, This aoncept of G. V.

Fol'bort bas been further olaborated by A. M. Vorab'yev, A. A. xru-

ova, and 0. M. Pugol'.

Our research has determined that the type of u,xmi-no:‘-vgm
activity is the yoverning fector in the elaboraticn of new systems .
with elevated demands upon the major nervous processes. With dc;u
of atrong type, the cortical nerve elements show a high capacity
for immediate adequate resaction to quantitative and qualitative

‘” P l: ; changes in the system, without change in the strength of the lresponse .

uu&tton. The cortical slements of weak dogs are sub_iod‘t to rapid . ) -
exhaustion upon increase in tension thereon, as expressed in tbe ‘
reduction or cosplete absence of a response reactién. Under exces—
sive loads, & pathological state may ensue. In ntudymk the higher T ‘
nervcus activity, it i1s important to know the degree of efficiency |
of the cortical components. ¥e have identified the degroe of ef-
ticiency of cortical components by increasing and decreasing the o
’ load on the nerve components, ¥e have experimsnted with incressed »

losd on the nerve elemsnts:
(1) by an increase in the quantity of stimuli applied;

{(2) by an increase in the duration of the intervals between

the application of various conditioned reflexes; and

(3) by an incresse in the time of isolated action of the

conditioned rellex.

-q -
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'After the experiment sterectype, consisting of & given.
qullllltity of stimull, had been established, the number was increased
to & doubling or trebling of the individual conditionsd stimuli, or
even. to applying them 4 times in the course of an experiment, sand
Qinllly doubling all the conditioned stimuli applicd. Cur methods
of testing the load upon the working cspacity of cortioal ocompon-
onts has domonstrated that animals with diffcrent fms of nervous
systons manifest entirely differeat reactions. Rlevation in the
demands made upon the cortical components of dogs of the strong '
typs resulted in no disruption of the proper relationships in the
magnitude of the conditioned reflexes. Their work capacity is
greac, and an additional stimulus calls forth a high response re-

action.

We observed an entirely different phenomenon when placing
incressed pressure upon the work capacity of the cortical elements
of dogs of the weak type. Doubled or trebled application of the
conditioned stimulil in the aourse of an exprriment invariably pro-
duced disturbance in conditioned-reflex activity. The required
relationships between respunse reactions and the strenght of the
conditioned stimuli disappeared. The conditioned reflexes revealed
change not ouly on the day when experiments under increased load
were run, but for a long period in subsequent experiments, without

- supplemsntary stimuli, We observed in representatives of the weak

types that elevation of the demands upon work capacity at one point

was reflected at neighboring points, resulting in reduction of the

conditioned reflexss on repetition, and even in their disappearance.
¥o regarded these changes in conditioned reflexss as manifestations
of defenusive inhibition, whils reduction in the conditioned reflexss

at neighboring points was regarded as irradiating inhibition (see

Table).

[
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The etate of effisiency of cortical componeats to & glves . .
system cf stimuli is conditioned hy & number of factors. They ia-

olude the quantity of stimuli applied, snd all the nanipulations
involved in the running of the experimsnt (the chamber, straps,
stand, etc). Study of the efficiency of cortical elements by means
of an iacreaso in the length of the intervals between individual
stimuli, and an increase in the pericd of isclated action by the
conditioned reflex shows the duration of the effect of the stimulus,
and that of the interval between individual actions also to be ef-
fected by efficiency. Changes in the duration of the experiment by
increasing the intervals between all the conditioned reflexses ap-
plied, or by increasing one of the intervals to 10 minutes instead
of the normal 3 to 5, always resulted in inhibition. Ana when the
experimsnt takes this form, we observed differences in the resactions

of animals with different types of nervous activity,

In animals of the strong type, this load on their work ca-
pacity does not result in exhaustion of the cortical elements and
development of profound inhibition. But in wesak animals this load
on work capacity resulted fin exhaustion of the work capacity of the
gorucu olemsnts and the onset of profound inhibition. Variation
af tho experiments in different directions provided us with new

data for a Pavlovian understanding of this question.

Tests of strain on work capacity may be run not only by
raising, but also by weakening, the load applied to nerve compon-~
ents. This is done by omitting various stimuli or by applying only

a portion of the complex employed in the normal exporiwent.

Analysis of the data provides reason to believe that the

.
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‘very tiniest details of the exiorimmtal environment affeat the.

o etz

state of efficiency of cortical elesmsnts. Here we tlhuour ‘

starting point I. P, Paviov's concept of the organism as a lllltl!,

struature. "In the final analysis,” he wrote, "both an atom and

2

 an organiss are merely relstivoly individualized portioas of the

enviroument. " Paviov analysed all the phenomena of nature from

.
o AR i T L

© . the viewpoint of determiniwm. Ne noted that all external influ~

) ’ ' ences leave their mark on ths higher cortical elements.

In o series of experiments wo have studied the effect of the

W e Rty b

‘total snvironment acooapanying the experiment, and the #ffect ol a

Bk

greater amount of ordinary rest upon conditionsd-reflex activity.
The experiment was run &3 followa., After the formation of a systea
of ccnditioned reflexes and laong-term observation of tho state of
the level of its conditioned reflexes, & dog was brought into the
chasber, the straps and collar were attached, the bulb was put in’
place by adhesive, i,e., al) the manipulations were periormed which
noraally preceded the start of an experimsnt. Then the dog was fed,
without applying the conditioned reflex, whereupon it was led out of
the chanber. The next day, when the experiment was run in its usual
forz with use of all the conditioned reflexes, we witnessed an in-
cresse in the conditicned reflexes over the usual standurd, This
increase in reflexes might well result as a result of the rest
given to the cortical elemints. 1n order to study these phenomena
: we investigated the effect of rest upon these animals. Over a
period of many months we sustained the system of conditioned reflex
for & consecutive working days, and permitted the snimal to rest on
the seventh. By means of an elaborated, regularly reinforced system,
we permitted mmmxtxomm:mm-muu‘mmx. and

onitted sn experiment, Omitting an experiment in the middle of the

: : : S

g e e e
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" types mide itszelf falt,

: emrtd & graufer effect than ma the 'wrk eww of tm dcrticﬂa

aspn, but 1t vas

the dcﬁm of stirain upon tbc wey capueuy oz dm tc.l v‘mm

In dagn of tha wnk wpo, supplmntm mw &nﬂm tho m&

co-pomtn was teated LY applytnz only B poruon of th. ooaphx

i.e., bringing the dog into the roos, por!oraing all mmtmu

but i.ot ceaducting ' ' oxperiment.

wr tmdorltnn-ung of these phenomena is besed on the mlov-

ian concept of the exhaustidility of cortical cells., The eortical
cells of animals of the wemk type nre weak, snd operate to the
limit of their capacity when subject io ccmdiuoned stimull for

lcug, periods of time, Therefore, complete rest is highly cftoettvc. e

= Iy " ’

duwe to the removal of the component of defensive 1nh1b1ttdu.‘

ia strong-type degs the cu ticsl cells are of low cth.ut-r o
ibility, and supplemertary rest -- omission of one day o.t oxp;rt—
ments, wit: the systom of conditioned reflexes usually applied --
does not result in an increase in conditioned refloxesz on ths next
day. This is explained by the absencs, in the usual experiments,
of transmarginal inhibition, so that supplementary rest doss not
produce sny aignifics.t elevation of reflexes in strong-type dogs.
mmwever, vu the day aifter axperiments in which only a portion ot !
the comple was apglied, the conditioned reflexes ol these dogs

funciions! - n & consiuerably higher plane than on the preceding

dayw .

This makes quite olear the significance of the state of

. —
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“otnouncy for each pair-ticular WI of the factors ‘umw
- - the esperiment. Ths arrsngesent of the room ir whigh it 1is ocon~

! © " ..’ducted, the preliminary manipulatious, the specific system of con-

diticned refleres all coabine to form in the large hemispheres of '

‘the animal a single conplex stimulus, or stereotype, setting up &

DTG i AN, et
S o et R Rl s

R opo‘ciuc level of excitability in the cortex and determining the

work capacity of the componeats thersof.

TESTS OF THE EFFICIRNCY OF CORTICAL ELRMENTS BY INCREASR

IN STIMULI
Dog’ Conditions of Experiment  stimuly i
5 v , g
T o Usual magnitude of conditioned reflex loud tone light 2
.+ Ryabehik o : R 39
T Magnitude on repetition of stimulus expt 216 expt 2:i5 b
. 32 as g
35 ‘27 S
;
o Usunl magnitude of qoudltibn.d reflex bell metronowc i
Byatryi i _ as 38 -
: Magnitude on repetition of stimulus expt 109 expt 150 i f§
25 3s A, {
24 37 : 4
Usual magnitude of conditioned reflex ~fife gurgling 3
Dxzhil' .a 23 . 20 4
Magnitude on repetition of stimulus: expt 188 expt 200 2
24 20 3
02 04 5
3 ) ‘Paual magnitude of conditioned reflex fife 1light :
Kashts: 25" 13 ,_.:
: " Magnitude on repetition of otimulus expt 153 expt 175
26 1
; 03 00 a
L Ususl magnitude of conditioned reflex gurgling
: Drhul‘ka R , - 20
: Magnitude on repetition of stimulus expt 87
! . . - gurgling
20
09
The animal's behavior is always the result of cotplex
activity in tho central nervous system. The fact that behavior
- 9 -
, :
™~
j ~ . ——
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conatitutes a rosponse to all factors in oombination is facilitated
by the action of the cortex in synthesis, this being conditioned by
the respective influences of interoceptive and exterocoptive stim-

ull,

"It is quite clear to us,” wrote 1. P. Pavlov, "that the
cerebral cortex .s & complex functional mosnic of individual com-
ponents, esch of vhich oxercises a specific yositive or inhibitory
paysiological effect. On the other hand, it is slsc clsar that all

the coaponents are combined at each given moment into a system in

which each element acts in interrelation with all the others."”

The external eanvironment, combined with the constantly
changing internal envisonment, conditiona the intensity and the
order of conditionod reflexes, and also the changes in cortical

states obsorved in the experiments.

These iundamental Pavlovian propositions emerge clearly in
our experiments, providing new datz as to the significance of the
activity of the large hemisphores ir synthesis. By studying the
effect of onission of individual stimuli, we se¢ that an increase
in excitability occurs only if particular points constituting part
of &8 unified coumplex stimulus iu the expariment b¢ atfected, If
the antmal was given supplementary rest during the week, ita con-
ditionad reflexes the following duy would be strongex anly in
response to thase stimuli which require ultimate straisn. Here,
rest facilitates restoration of functivn 15 cortical wlensnts,
This pertains to exporiments with animals with the wuak type of
nervous system., In strong-type animals, under conditions in whigh
the cortical couponernts of the central norvous systea are not
vtratred to the utmost, supplementary rest does not produce notice

able changes in oversll conditioned reflex motivity.
- 10 -

Sanitized Copy Approved for Release 2011/06/08 : CIA-RDP81-00280R001300170019-1 B

by wlkdi



ot AN R al T e e AT v s g e 1

- wWin the antwal was brovght into the roos, and plaved is
the stxud, but the experiment was not run, the following day re-
vodod a marked increase in slil conditioned reflexes. This is a
result of the fact that the general stereotype had been affected,
and & stimulus had gobe into operation which set in motion the
entire chain of phenomana operative in the presence of the condi-

tioned reflex stereotype.
Concluaion

Our resesrch provides data contributing to en understand-
ing cf the state of efficiency in animals of various types. A
well-elaborated stercotype facilitates normal higher nervous
activity, and the very slightest changes therain produce changes

in the usual higher nervoue sctivity in all types of animals.

In studying the hixﬁor nervous activity by the method of )
conditioned reflexes it is necessary to take into account nof only
the type of higher nervous activity, and whethor the cerobral cor-
tex is in a normal or pathological state, but also the level of
e¢f?iciency and training of the cortical coumponents to the given
state stereotype. The data we bhave obtained presents & clear pic-
ture of the fact that, in long-term lunc‘tlonxng, animals of vari-
ous types of higher nervous activity are cupable of developing &
jevel of efficiency which depende upon the strength of the various
nervous processes. The level of efficiercy at the beginning of
training is completely dependent upon the type of higher nervous
sctivity. Continued training of the gortical processes and long—_
term reinforcement of the stereotype enable aninals aaving a weak
type of nervous system tlso to present regularly a prf:p-r ploture

of responss reactions. with the result that the central nervous

- 11 -
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systes of these animals has reserve capabilitiss of adaptatioa to

; the demands of the enviroament. In animals of the weak typs the

E higher nervous activity is capible of standardization within the
iinits of the given work capacity. Change in the uormal environ-
ment or disturbance of any component of the stereotype produces &
higher nervous reaction in animals, regardless of typs. Typologtical
differences emerge nmost clearly undesr such conditions. vhen dis—
turbanoce in stereotype is minor, typological peculiaritios are n—
vealed primarily in quantitative relationships. ¥hen changes Ln :
stereotype ar¢ more profound and deaands upon the basic pmcosﬁl
are oclevated beyond the bounds of work capacity, the ditnnronca"n
take on a qualitative nature. In animals of strong type, various
changes in stereotype, not acute in nature, produce changes in
conditioned reficxes which pass rapidly. In wesak-type animsls,
aixtilar changes in stereotype produce more profound, and, sovie-

times, pathological changes in conditioned reflex activity.

Tosts of the work capacity of cortical volmnia by means
of changes in stersotyps demonstrate that in aniunale heving the

strong type of nervous system, the cortical elewents have greater

work capacity, and respond to influences designed té incroase tb.n'.

by an increase in efficiency. In animals ol the weak type, the L
cortical components are of low work caspacity snd high exhsusti-

bility. Therefore the posing of olo_z@tod dennids therson pro-

duces rapid exhaustion, followed by tr;hibauon, and even u break-

down of higher nervous activity. In deteratauation of the work

capacity of cortictl clements of the weak typs, significsnce wd-

berex to the time during which the system is reinforced, and the

preceding level of intensity of the work capacity of the nervous

el~wents. When all stimuli sre applied twice, the prescontatiocn of

- 12 ~
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sults in wore savers breskdowns in conditicsed-reflex ‘u:a.vi"t‘y
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than when conditioned stimuli are applied but once.

'Dogs ©f both types present the pousibility of incnﬁing '

mk capacity. In enimals of strong types the elaboration of a

new uiate of efficilency of the cortical couponents occurs rapidly
and reveals no paasic phenomens. In weak types of znimalz the
elaboration of a new state, requiring greater stress on the corti-

cal components, proceesds by phases.

- 13 -
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